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Description 

[0001 J This invention relates to the area of purification 
and manipulation of nucleic acids. 
[0002] A variety of different methods for the purifica- 
tion of nucleic acids have been described. Phenol is 
often used to extract proteins and other material that 
may interfere with subsequent analysis or manipulation 
of the DNA. (Rirby, Progr. Nucl. Acid Res. Mol. Biol. vol. 
3, p. 1, 1964.) However, phenol poses several safety 
and health hazards, and is therefore undesirable for 
occupational safety. Chloroform is also regularly used in 
the isolation of DNA and RNA, usually in combination 
with phenol. (Maniatis, et al., Molecular Cloning. A Lab- 
oratory Manual, Cold Spring Harbor laboratory, Cold 
Spring Harbor, N.Y, 1982, pp. 458-460.) Chloroform is a 
carcinogen, and so, it too, should be eliminated from the 
workplace. 

[0003] McCormack U.S. 4,923,978 teaches the use of 
a solid-phase material with a large surface area and a 
high concentration of mildly acidic hydroxyls, such as 
silica, for the separation of proteins from nucleic acids. 
Svec, U.S. 4,889,632 and 4,923,610, teach the use of a 
macroporous polymeric membrane which is made from 
a copolymer of a vinyl monomer (which may be hydrox- 
ystyrene among other things) and a divinyl monomer. 
These are demonstrated as having utility in the separa- 
tion of proteins. Due to the burgeoning of genetic engi- 
neering, there is a continued need for safe, rapid 
methods for purifying and manipulating nucleic acids. 
[0004] It is an object of the invention to provide meth- 
ods for isolating nucleic acids, specifically RNA and 
DNA. 

[0005] It is an object of the invention to provide a 
method for enzymatically manipulating nucleic acids 
using solid phase materials. 
[0006] It is still another object of the invention to pro- 
vide a composition for purifying nucleic acids. 
[0007] These and other objects of the invention are 
provided by one or more of the embodiments described 
below. 

[0008] In one embodiment of the invention a method 
is provided for purifying proteins from nucleic acids. A 
composition is contacted with a substrate under condi- 
tions where protein binds and nucleic acids do not. 
Such conditions are pH 2 to 1 1 and salt greater than 0. 1 
mM. The non-binding components are removed from 
the substrate to yield a substantially protein-free prepa- 
ration of nucleic acids. The substrate is made by the 
process of: applying an adhesive formulation to a sub- 
strate, said adhesive formulation comprising a non-pro- 
teinaceous polymer of monomeric units comprising an 
aromatic moiety substituted with at least one hydroxyl 
group with a pK less than 9. 
[0009] In another embodiment of the invention both 
proteins and nucleic acids are bound to a substrate and 
nucleic acids are selectively eluted. The substrate is 
made by the process of: applying an adhesive formula- 



tion to a substrate, said adhesive formulation compris- 
ing a non-proteinaceous polymer of monomeric units 
comprising an aromatic moiety substituted with at least 
one hydroxyl group with a pK less than 9. The binding 
5 step is conducted at pH 2 to 1 1 and at greater than 0. 1 
mM salt. The elution is with a buffer having a pH of 4 to 
11. 

[0010] In yet another embodiment of the invention 
double stranded nucleic acids are purified from both 

w protein and single stranded nucleic acids. When con- 
tacted at pH 7 to 10, greater than 1 mM monovalent cat- 
ion and/or greater than 0.1 mM multivalent cation, both 
protein and single stranded nucleic acids bind to a sub- 
strate made by the process of: applying an adhesive for- 

is mulation to a substrate, said adhesive formulation 
comprising a non-proteinaceous polymer of monomeric 
units comprising an aromatic moiety substituted with at 
least one hydroxyl group with a pK less than 9. Under 
these conditions, double stranded nucleic acids do not 

20 bind significantly and can be collected in a purified form 
by simply separating the non-bound components from 
the substrate. 

[001 1 ] In still another embodiment of the invention sin- 
gle stranded nucleic acids are separated from double 

25 stranded by contacting a composition comprising both 
to a substrate under conditions of pH 7 to 10, and 
greater than 1 mM monovalent cation and/or greater 
than 0.1 mM multivalent cation. The substrate is formed 
by the process of: applying an adhesive formulation to a 

30 substrate, said adhesive formulation comprising a non- 
proteinaceous polymer o1 monomeric units comprising 
an aromatic moiety substituted with at least one 
hydroxyl group with a pK less than 9. Under such condi- 
tions single stranded but not double stranded nucleic 

35 acids will bind. Non-binding components can be 
obtained by simply separating them from the substrate. 
[001 2] In still another embodiment of the invention an 
enzyme is bound to a substrate made by the process of: 
applying an adhesive formulation to a substrate, said 

40 adhesive formulation comprising a non-proteinaceous 
polymer of monomeric units comprising an aromatic 
moiety substituted with at least one hydroxyl group with 
a pK less than 9. The enzyme uses nucleic acids as a 
substrate. Nucleic acids are added to the substrate 

45 bound enzyme under conditions where the nucleic 
acids do not bind and the enzyme is catalytically active. 
After the reaction has achieved the desired degree of 
completion, nucleic acids can be separated from the 
substrate by simple phase separation. The enzyme is 

so bound to the substrate under conditions which minimize 
changes in activity. The range of possible conditions 
include pH 2 to 11, and greater than 0.1 mM salt. The 
enzyme reaction occurs at appropriate conditions for 
catalytic activity within the range of pH 4 to 1 1 . 

55 [001 3] In yet another embodiment of the invention a 
composition is provided which comprises a substrate 
coated with an adhesive formulation comprising a non- 
proteinaceous polymer of monomeric units comprising 
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an aromatic moiety substituted with at least on hydroxy! 
group with a pK less than 9. 
[0014] These and other embodiments, which will be 
described in more detail below, provide the art with 
rapid and safe means of purifying and manipulating s 
nucleic acids. 

[0015] It has now been found that nonproteinaceous 
polymers, in a solid or semi-solid state, specifically bind 
to proteins. Such polymers bear a favorable proportion 
of aromatic monomeric units which are substituted on to 
the aromatic moiety with at least one hydroxy! group. 
The pK of the hydroxy! group is less than 9. The discov- 
ery of such a solid or semi-solid for protein binding has 
application with regard to purification of nucleic acids 
and enzymatic modifications of nucleic acids. ts 
[0016] Aromatic monomeric units according to the 
present invention are chemical structures which have a 
resonance stabilized, conjugated ring system. These 
include hydrocarbons, organic or inorganic heterocy- 
cles, and elementally pure inorganic compounds. The 20 
resonance stabilized, conjugated ring structure is pref- 
erably planar. As mentioned above, the ring structure 
carries at least one hydroxyl group with a pK less than 
9. Other substitutions on the ring system or on the poly- 
mer backbone may be used. Some may modulate the 25 
affinity of the polymer for proteins. Some may also per- 
mit the cross-linking of the polymer. Others may be 
used to irreversibly chemically bond to proteins. 
[0017] The polymer may be a random copolymer, a 
block copolymer, or a graft copolymer. The aromatic 30 
moiety is preferably a phenyl group. Suitable aromatic 
monomeric units for polymer formation include hydroxy- 
phenyl ethyl-containing groups, especially para-hydrox- 
yphenyl ethyl groups. The ring or polymer backbone 
may contain other substituerrts. The polymer is nonpro- 35 
teinaceous, i.e., it is not a naturally occurring, semi-syn- 
thetic, or synthetic protein. The backbone of the 
polymer is not made up of peptide bonds. Typically the 
aromatic monomeric units will not be amino acids. 
[0018] Various substituents, proportions of aromatic 40 
monomeric units, and resonance-stabilized, conjugated 
ring systems can be readily tested for use in the present 
invention by contacting formulations containing them 
with a surface, removing excess formulation, if neces- 
sary, contacting the treated surface with a solution, sus- 4s 
pension, powder or aerosol of protein, removing excess 
protein, if necessary, and measuring the amount of pro- 
tein bound to the surface or removed from the solution, 
suspension, etc. Such measurement may be by dye 
binding, spectroscopy, scintillation counting in the case so 
of radiolabeled protein, enzymatic activity, antibody 
binding, or direct measurement of the capacity of the 
treated surface to perform in the desired application. 
[001 9] The polymer can be formulated as an adhesive 
or can be used as a solid, such as in the form of beads, ss 
Preferably the adhesive will be applied as a coating to a 
substrate to form a device for purification of nucleic 
acids. An adhesive formulation according to the present 



invention contains as its active ingredient the aromatic 
hydroxylated polymer described above. It may also have 
one or more diluents, thickening agents, dispersing 
agents, dyes, or surface conditioning agents. Typically 
the adhesive formulation will be prepared in an aqueous 
solution or in a polar organic solvent. Suitable solvents 
include ethanol, ethyleneglycol diacetate, ethyl acetate, 
acetone and dimethylsulfoxide. Beads may be impreg- 
nated with fluorescent or absorptive dyes, or magnetic 
or paramagnetic particles. 

[0020] Proteins or protein-containing compositions 
according to the present invention include purified and 
crude preparations of protein, such as cell lysates. 
Nucleic acids according to the present invention include 
purified as well as crude preparations such as cell 
lysates, and also include single-stranded as well as 
double-stranded, and synthetic as well as natural poly- 
mers. 

[0021 ] Substrates which may be coated with the adhe- 
sive formulation of the present invention include plas- 
tics, natural or synthetic fibers or fabrics, membranes or 
papers, metal, glass, and ceramic. Suitable plastics 
include substituted polyalkene, polyamide, polyester, 
polyether, polysulfone, phenolic resin, epoxy resin, and 
substituted cellulose. These can be coated or partially 
coated by any means known in the art, including spray- 
ing, dipping, brushing, stamping, extruding, or perfus- 
ing. The coated substrates of the present invention may 
take many forms. These include beads, strips, wells in 
multi-well plates, strips or individual units, tubing, mesh, 
open-cell foam, membranes, papers, needles, fibers, 
plates, slides and cell culture vessels. 
[0022] Proteins bind to the coated substrates of the 
present invention under a broad range of conditions. As 
the pH increases, the binding decreases, generally. 
Conditions of pH 2 to 1 1 may be used, with pH 4 to 10 
forming the preferred range. At constant pH, as the cat- 
ion concentration increases, so does protein binding. 
Cation concentrations greater than 0.1 mM for multiva- 
lent cations and 1 mM for monovalent cations may be 
used. The minimum cation concentration necessary to 
produce an effect varies as a function of pH and buffer. 
Generally, the lower the pH, the lower the minimum cat- 
ion concentration necessary to promote binding. Thus, 
the cation concentration necessary to produce a given 
amount of protein binding will be significantly greater at 
pH 10 than at pH 7. Examples of useful inorganic, mul- 
tivalent cations include magnesium, copper, and lantha- 
num. Examples of useful inorganic, monovalent cations 
include sodium, potassium and lithium. Cation concen- 
trations greater than 1 M do not substantially increase 
protein binding within the pH range of 4 - 10. (Doubling 
the cation concentration to 2 M generally increases pro- 
tein binding by less than 15%.) Multivalent cations are 
more efficient than monovalent cations to promote bind- 
ing, with chloride being a more efficient counterion than 
acetate and trichloroacetate to promote binding. Chao- 
tropic organic cations tend not to be effective at promot- 
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ing protein binding. Other organic cations, those 
bearing primary amines in particular, generally are less 
effective than inorganic cations. The increase in protein 
binding associated with a decrease in pH is generally 
independent of the cation effect. Thus, the maximum 5 
amount of protein binding varies as a function of pH. 
The same is true of nucleic acid binding to the sub- 
strate. 

[0023] Double stranded DNA binds to the coated sub- 
strate better as the pH decreases. Conditions of pH 2 to 10 
1 1 may be used, with pH 4 to 10 forming the preferred 
range. At constant pH, as the cation concentration 
increases, so does nucleic acid binding, generally. Bind- 
ing of double stranded nucleic acids in the presence of 
cations tends to be dependent on the valence state and is 
concentration of the cation. Higher valence states pro- 
mote binding more effectively than lower valence states. 
The relative effectiveness of different cation valence 
states is + 3>+2>+1 . In particular, La +3 > > Ca +2 > Mg +2 * 
Cu 42 >K + « Na + . Concentrations of greater than 0.01 M so 
monovalent cation may be used, with concentrations 
greater than 0.1 M being preferred. In contrast to the 
higher valence state cations, the pH range for stimula- 
tion of binding by monovalent cations is limited to 2 - 7, 
with a preferred range of 4 - 7. As with protein binding, 25 
concentrations greater than 1 M do not substantially 
increase the amount of DNA bound to the substrate. 
(Doubling the cation concentration to 2 M generally 
increases nucleic acid binding by less than 15 %.) Diva- 
lent cations increase binding more effectively than 30 
monovalent cations. These include, among others, tran- 
sition metal cations such as copper, and alkaline earth 
cations such as calcium and magnesium. For divalent 
cations, concentrations greater than 1 mM may be 
used, with concentrations greater than 10 mM being 35 
preferred. For cations such as lanthanum, with higher 
valency states, concentrations greater than 0.1 mM may 
be used. Multivalent cation concentrations greater than 
1 M do not substantially increase DNA binding. How- 
ever, the small increases in DNA binding at concentra- 40 
tions greater than 1 M may be important in some cases 
to achieve binding efficiencies greater than 90%. 
[0024] Single stranded nucleic acids also bind to the 
coated substrate of the invention. Binding increases as 
the pH decreases, generally. DNA oligonucleotides tend as 
to bind better to the coated substrate of the invention 
than RNA at any given pH and cation concentration in 
the range of pH 7 - 1 0. Single stranded nucleic acids are 
more sensitive to the effects of pH and monovalent or 
divalent cations than double stranded DNA. However, so 
for cations with valency states greater than 2, such as 
lanthanum, binding of double and single stranded 
nucleic acids to the substrate of the invention is similar. 
Monovalent cations increase single strand binding at 
concentrations greater than 1 mM. Multivalent cations 55 
also promote binding, and generally do it more effec- 
tively. Concentrations greater than 0.1 mM can be used. 
The minimum cation concentration necessary to pro- 



duce an effect varies as a function of pH and buffer. 
Generally, the lower the pH the lower the minimum con- 
centration of cation necessary to promote binding. 
Chloride counterions promote binding more effectively 
than acetate. 

[0025] Separation of double stranded nucleic acids 
from single stranded, nucleic acids is possible because 
of marked quantitative differences in binding of the 
nucleic acids to coated substrates of the invention as a 
function of cation concentration. The mildly basic pH 
range (7-10) is optimal for separation of double 
stranded and single stranded nucleic acids. In this pH 
range, monovalent cations have little or no effect on 
DNA binding even at concentrations of 1 M or better 
whereas binding of single stranded nucleic acids is 
stimulated under these conditions. Divalent cation con- 
centrations required to promote double strand DNA 
binding in this pH range are up to 1 00 times greater than 
those required to promote a similar level of single 
stranded nucleic acid binding. Magnesium salts are par- 
ticularly useful in this regard. Some separation of single 
and double stranded nucleic acids occurs in the acidic 
pH range due to the lower sensitivity of the double 
stranded DNA to the effects of salt on nucleic acid bind- 
ing. However, this separation is generally more difficult 
to effect because of increased binding of double 
stranded DNA especially if the DNA contains single 
base overhangs such as those produced by restriction 
with Hind III. 

[0026] Nucleic acids can be eluted from the coated 
substrate by shifting pH and/or cation concentrations to 
those which are less favorable to binding, i.e., by 
increasing pH and/or reducing cation concentration. 
Generally, the greater the difference between binding 
conditions and elution conditions, the more efficient the 
elution of the nucleic acid. The preferred condition for 
elution of a nucleic acid is at a pH and cation concentra- 
tion where no binding of said nucleic acid can occur. For 
example, DNA oligonucleotides, bound to a coated sub- 
strate at pH 7.5 in the presence of 10 mM MgCI 2 can be 
eluted from the substrate at the same pH in the pres- 
ence of 5 mM MgCI 2 . If the pH is increased to 9 and the 
MgCI 2 concentration dropped to 1 mM, then the nucleic 
acid elutes more efficiently. This increase in efficiency 
generally is beneficial since it results in a substantially 
smaller elution volume. If a multivalent cation is used to 
bind the nucleic acid to the substrate, a chelator can be 
added, such as ethylenediaminetetraacetate (EDTA). 
Generally chelators are used in an amount sufficient to 
chelate the multivalent cations used in binding the DNA 
to the substrate. However, EDTA, in particular, also will 
enhance dissociation of nucleic acids from the substrate 
even when monovalent cations are used to bind the 
nucleic acid to the substrate. This effect may relate to 
the deleterious action of acetate counterions on nucleic 
acid and protein binding. Ranges of pH from 4 to 1 1 can 
be used to elute double or single stranded nucleic acids, 
with a preferred pH range of 6 -10. Generally, the pH 
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range of 4 - 8 can be used most effectively for the elu- 
tion of double stranded nucleic acids, since single 
stranded nucleic acid binding to the substrate is appar- 
ent at pH 4 - 8 even in the absence of multivalent cati- 
ons and in the presence of low (0.01 M) monovalent 
cation concentrations. Nevertheless, elution of single 
stranded nucleic acids is possible in this pH range, 
albeit inefficient. For double stranded nucleic acids, 
monovalent cation concentrations less than 1 M and 
divalent cation concentrations less than 0.1 M, may be 
used with a preferred concentration of less than 0.1 M 
for monovalent and 0.01 M for divalent cations. A pH 
range of 4 - 11 may be used, with 6-10 forming the pre- 
ferred range. For single stranded nucleic acids, concen- 
trations less than 0.5 M monovalent cation and less than 
10 mM divalent cation may be used, with preferred con- 
centrations of less than .05 M for monovalent cations 
and 1 mM for divalent cations. Acetate counterions are 
preferred over chloride. Above pH 7, salt concentrations 
as high as 1 M may be used, although salt concentra- 
tions less than 0.1 M are preferred. For single stranded 
nucleic acids, the pH range for elution is 7 - 1 1 , with pH 
8-10 forming the preferred range. 
[0027] According to one method of the present inven- 
tion, a nucleic acid- and protein-containing composition 
is contacted with the coated substrate of the invention. 
The protein or nucleic acid may adhere by non-covalent 
forces, or alternatively may be cross-linked to the adhe- 
sive formulation by covalent interactions. As described 
previously, interaction of protein and nucleic add with 
the substrate is affected by pH and salt. A decrease in 
pH or increase in ionic strength results in increased pro- 
tein and nucleic acid adherence. The relative sensitivity 
of protein and nucleic acids to this effect is protein>sin- 
gle stranded nucleic acid>double stranded nucleic acid. 
When both protein and DNA are present, protein com- 
petes for binding sites more effectively than DNA. Under 
conditions where the adherence is by non-covalent 
forces, the protein and nucleic acids can be dissociated 
from the substrate by contacting the substrate with a 
composition with increased pH and decreased salt The 
relative sensitivity is double stranded nucleic acid>sin- 
gle stranded nucleic acid > > protein. As described pre- 
viously, cations will enhance binding of proteins and 
nucleic acids to the substrate of the invention. There- 
fore, under most conditions, the lower the salt concen- 
tration, the more effective the elution of the bound 
nucleic acid. However, at very low ionic strength, protein 
may also dissociate from the substrate. Thus, the 
choice of salt concentration for dissociation of nucleic 
acids from substrate containing both protein and nucleic 
acid, falls within the same ranges as described previ- 
ously for dissociation of nucleic acid from the substrate, 
but will be influenced by the need to retain bound pro- 
tein while eluting the desired material. Dissociation of 
protein from the substrate is sufficiently slow that under 
most conditions, little or no detectable protein is lost 
from the substrate when the pH is raised and salt 



decreased, even though the amount of protein adhering 
to the substrate under the dissociation conditions is 
greater than the maximum amount which can be trans- 
ferred from solution to substrate under the same condi- 

s tions. Nevertheless, significant amounts of protein may 
dissociate from the substrate if the initial binding condi- 
tions are at or near saturation. 
[0028] When multivalent cations are used to adhere 
protein and nucleic acid, the adherent materials also 

io can be dissociated from the substrate by addition of 
metal ion chelating agents, such as EDTA. The relative 
sensitivity to these agents is double stranded nucleic 
acid>single stranded nucleic acid > > protein. Release 
of bound protein is more likely to occur in solutions con- 

is taining chelating agent such as EDTA than in solutions 
where only the pH is adjusted. The net effect of these 
pH and salt dependent differences is that double 
stranded nucleic acids (primarily DNA) can be sepa- 
rated from single stranded nucleic acids and/or protein 

20 at mildly basic pH, by binding the single stranded mate- 
rial and protein to the substrate and allowing the double 
stranded material to pass through. In addition, single 
stranded nucleic acids can be separated from double 
stranded nucleic acids by following the above approach, 

25 then eluting the single stranded nucleic acid from the 
substrate by increasing pH and reducing salt and/or 
adding chelating agent. The useful ranges of cation 
concentration and/or pH have been described previ- 
ously. The choice of pH, cation, and cation concentra- 

30 tion for a particular protocol is regulated by a variety of 
parameters, including extent and selectivity of nucleic 
acid binding, usefulness or possible interference of the 
salt or pH in subsequent manipulations of the eluted 
material, the amount of protein and/or nucleic acid 

35 which must be bound or eluted and the composition of 
the nucleic acid (e.g., length, single or double stranded, 
RNA or DNA). 

[0029] There are many specific uses to which the 
adhesive-coated substrates and polymeric beads of the 
40 present invention can be put. As described above, they 
can be used to remove proteins from nucleic acids in a 
sample, such as a cell lysate or a restriction enzyme 
digest. They can be used to separate and isolate single 
stranded and double stranded nucleic acids from com- 
45 plex compositions by using conditions which selectively 
enhance the affinity of one nucleic acid for the substrate 
or by using conditions which selectively enhance disso- 
ciation of a nucleic acid from the substrate. An example 
of this would be purification of a DNA amplification prod- 
so uct from the polymerase chain reaction. 

[0030] The adhesive coated substances can also be 
used to perform solid phase enzymatic reactions in 
which enzymatically active protein is bound to substrate 
and the nucleic acid is in solution in a composition in 
55 contact with the substrate. They can be used to alter the 
extent of enzymatic reactions in which the reactant is a 
double stranded nucleic acid and the product is a single 
stranded nucleic acid. These features can be used in a 
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variety of combinations to provide systems for rapid 
processing and manipulation of nucleic acids for pur- 
poses such as sequencing. 

[0031] As mentioned above, based on the differential 
binding of protein, double stranded, and single stranded 
nucleic acids, a variety of practical applications are fea- 
sible. In one such application, the coated substrate is 
used to purify the amplified double stranded product of 
polymerase chain reaction from the proteins and prim- 
ers necessary for the reaction. If the reaction mixture is 
contacted with a coated substrate of the invention at pH 
7.0 to 10 and greater than 1 mM multivalent cation, then 
proteins and primers bind, while double stranded prod- 
uct does not. Two particularly suitable buffers for carry- 
ing out this purification (because of their utility in 
subsequent manipulations such as sequencing) are: 
0.02 M Tris-HCI, 0.05 M KCI or NaCI, 10 mM MgCI 2 , pH 
7.5, and 0.01 M Tris-HCI, 0.05 M KCI, 15 mM MgCI 2 , pH 
8.3. 

[0032] Another practical application of the coated sub- 
strate is for purification of plasmid DNA from bacterial 
cells. Briefly, a plasmid-containing bacterial pellet is 
resuspended in 10 mM Tris-HCI. 1 mM EDTA, 5% glyc- 
erol, pH 8.0 (TE) or preferably 5% glycerol, with or with- 
out RNase A. A lysis buffer (0.2-0.4 N NaOH, 0.5-1% 
SDS) is added. After at least 10 seconds, a neutraliza- 
tion buffer is added (1-2 MKCI, 0.1-0.5 M HCI, 0.05-0.5 
M buffer [pK 4-10], 0-0.2 M multivalent salt. The mixture 
is mixed by vortex and loaded onto a cartridge compris- 
ing a coated substrate. (See example 10, infra, for 
description of the cartridge.) After the sample wicks into 
the matrix, a solution containing 1 M KCI and carriers is 
added. The eluate can be centrifuged into a receiver 
tube and then 2 volumes of ethanol added to precipitate 
the DNA. The precipitate is centrifuged for 2 minutes at 
greater than 10,000 x g for 2 minutes to pellet DNA. 
Alternatively, the eluate can be centrifuged directly into 
2 volumes of ethanol at >1 0,000 x g for 2 minutes to pel- 
let DNA. The pelleted DNA can be rinsed with 70% eth- 
anol, dried and dissolved in TE. 

EXAMPLES 

Example 1 . 

[0033] This example demonstrates the purification of 
restriction enzyme digested DNA from the restriction 
enzyme. The enzyme bound to a coated membrane 
substrate of the invention while DNA passed through. 
[0034] 3.3pg of Hind III restricted X DNA (0.1 A 260 
units in 0.6 ml) was added to 50 pi of buffer containing 
50 mM Tris-HCI, pH 7.5 (at 37°C), 1 00 mM NaCI, 1 0 mM 
MgCI 2 , 1 mM mercaptoethanol and 50 U Hind III. 2 >d of 
0.5 M EDTA was added to the buffer and solution was 
placed in a DNA purification cartridge. The cartridge 
was open on one end and physically restricted at the 
other by a polypropylene grid which supported a porous 
polyethylene disk (15-30 p nominal pore size) coated 



with poly-4-hydroxystyrene (PHS), which in turn sup- 
ported a PHS-coated nitrocellulose membrane (0.1 p 
pore size before coating). The coating process con- 
sisted of immersing the membrane or porous polyethyl- 

5 ene in a solution of PHS (1 00,000 MW) in 50% aqueous 
ethanol at 50 mg/ml, removing excess polymer and dry- 
ing the membrane or porous plastic at room tempera- 
ture in a stream of filtered air. The disk and membrane 
were held in place in the cartridge with a teflon sleeve 

10 which prevented leakage of the sample around the 
edges of the membrane. The cartridge was placed in 
and supported by a 1 .5 ml microcentrifuge tube which 
served as the receiver tube for purified DNA. The solu- 
tion containing DNA and enzyme was dispersed evenly 

75 over the membrane in the restricted end of the car- 
tridge. A cap which was attached to and which fit tightly 
over the open end of the cartridge was pushed into 
place. The action of pushing the cap into place created 
positive pressure within the cartridge, thereby forcing 

20 the DNA-containing solution through the membrane, 
porous polyethylene frit and polypropylene grid and into 
the 1 .5 ml microcentrifuge receiver tube. The tube and 
cartridge were centrifuged together at full speed on a 
microcentrifuge for 5 seconds to insure maximum 

25 recovery of fluid volume. Fluid recovery was 47 pi. To 
recover the retained material (5 pi), 10 pi of distilled, 
deionized water was added to the cartridge, dispersed 
over the membrane, the lid of the cartridge closed and 
the cartridge and receiver tube centrifuged for 5 sec- 

30 onds in a microcentrifuge. The amount of DNA recov- 
ered in the eluate was 97% of the amount applied 
(determined spectrophotometrically at 260 nm). No 
residual restriction endonuclease activity could be 
detected in an overnight (16 hr) incubation of the car- 

35 tridge eluate with pUCl9 DNA. Passage of endonucle- 
ase buffer through the cartridge does not significantly 
alter its composition or inhibit the activity of added 
restriction endonuclease. 

40 Example 2 . 

[0035] This example demonstrates the high binding 
capacity of a coated substrate of the invention. 
[0036] BSA was applied to the cartridge described in 

45 example 1 and extracted as described in example 1 . in 
buffer containing 50 Mm Tris-HCI, pH 7.5 (at 37°C). 10 
mM MgCI 2 , 100 mM NaCI and 1 mM drthioerythritol, in 
a volume of 50 pi, in amounts of 10. 20, 30 and 40 pg. 
The amount of protein detected in the eluate was 0 pg 

so for 10, 20 and 30 pg loads and 0.1 pg for a 40 pg load. 

Exqrrple3 . 

[0037] This example demonstrates the pH depend- 
55 ence of single stranded RNA binding to a coated sub- 
strate of the invention. 

[0038] RNA (3.2 pg) from MS2 bacteriophage was 
applied to the cartridge described in example 1 , and 
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processed as described in example 1, using 100 \i\ of 
buffer comprising 1 M KCI and 0.1 M Tris-HCI (varied 
from pH 7.0 to 8.5 in pH increments of 0.5). The amount 
of RNA recovered in the eluate was determined spec- 
trophotometrically at 260 nm. RNA recovery was 24% at 
pH 7.0, 42% at pH 7.5, 60% at pH 8.0 and 85% at pH 
8.5. 

Example 4 . 

[0039] This example demonstrates the pH depend- 
ence of double stranded DNA binding to a coated sub- 
strate of the invention. Above pH 7.0 essentially no DNA 
binds. 

[0040] DNA (3.3 M g) from 4>X1 74, restricted with Hae 
III was applied to the cartridge described in example 1 , 
and processed as described in example 1. The pH of 
the buffer was varied from 7.0 to 8.5 in increments of 0.5 
units. DNA recovery was 96% at pH 7.0, 100% at pH 
7.5, 100% at pH 8.0 and 96% at pH 8.5. 

Example 5, 

[0041 ] This example demonstrates the salt concentra- 
tion dependence at pH 7.5 of a single stranded oli- 
gomer's binding to a coated substrate of the invention. 
[0042] 2 ug of a 20 nucleotide oligomer (0.100 A 260 
units in 0.6 ml), sequence 5'-GGAAACAGCTATGAC- 
CATGA-3' was processed through the cartridge as 
described in example 1, using buffer comprising 0.01 M 
Tris-HCI, pH 7.5, 0.05 M KCI and MgCI 2 concentrations 
of 1 , 3, 5. and 10 mM. The recovery of oligomer was 
35% at 1 mM MgCI 2 , 1 1% at 3 mM MgCI 2 . 3% at 5 mM 
MgCt 2 , and 0% at 10 mM MgCI 2 . 

Example 6 . 

[0043] This example demonstrates the salt concentra- 
tion dependence at pH 7.5 of double stranded DNA to a 
coated substrate of the invention. 
[0044] 3.3 \ig of DNA from <(>X174 was processed as 
described in example 5. The recovery of DNA was 91% 
at 1 mM MgCI 2 , 91% at 3 mM MgCI 2 , 90% at 5 mM 
MgCI 2 , and 87% at 10 mM MgCI 2 . 

Example 7 . 

[0045] This example demonstrates the sequential 
binding and elution of double stranded DNA to a coated 
substrate of the invention. At pH 4.0, 1.9 M MgCI 2 , 90% 
of the DNA bound. At pH 8.5, 20 mM Tris-HCI, 20 mM 
EDTA, about 80%eluted, 

[0046] 3.3 f ig of DNA <J>X1 74 was applied to the car- 
tridge described in example 1 and processed as 
described in example 1, using a buffer comprising 0.02 
M sodium acetate pH 4.8 and 1 .9 M MgCI 2 . The amount 
ol DNA in the eluate was 10%. 100 \i\ of H 2 0 was added 
to the cartridge, the lid shut and the cartridge centri- 



fuged briefly to recover the water wash. The DNA was 
then eluted by adding a solution comprising 0.02 M Tris- 
HCI, 0.02 M EDTA, pH 8.5. The lid was snapped shut 
and the eluate collected following a brief 5 second cen- 
5 trifugation. The amount of DNA recovered in the eluate 
was 79% of the amount applied. 

Example 8 . 

w [0047] This example demonstrates that at conditions 
where most DNA elutes (pH 8.5, 20 mM Tris-HCI, 20 
mM EDTA) essentially all protein remains bound to the 
coated substrate of the invention. 
[0048] 20 pg of BSA was processed through a car- 

is tridge as described in example 7. No protein was 
detected in either the sample eluate, water wash or the 
pH 8.5 elution. 

Example 9 . 

20 

[0049] This example demonstrates that RNA can be 
recovered in good quality from crude lysates of human 
lymphocytes in the absence of protein. 
[0050] 5 x 10 6 human lymphocytes isolated from a 

25 healthy male volunteer were lysed with 300 pi of 0.5% 
SDS buffered with 0.01 M Tris-HCI, pH 8.5, containing 
100 ng/ml proteinase K and 10 mM vanadyl ribonucleo- 
side complex. An equal volume of 2 M KCI was immedi- 
ately added and vortexed. The resulting suspension 

30 was loaded into a cartridge similar to that described in 
example 1 with the following alterations. The PHS- 
coated porous polyethylene frit and nitrocellulose mem- 
brane were placed in the tip end of a 3 cc syringe barrel. 
The frit and membrane were held in place by the outside 

35 rim of a cartridge containing 1) a polypropylene grid in 
the base (which was in contact with the membrane) and 
2) a 3 cm cylinder of axially-oriented, PHS-coated poly- 
ester fibers (coated as described in example 1) which 
were compressed to a length of 1.5 cm. The syringe 

40 barrel cartridge was centrifuged in a Sorvall GLC centri- 
fuge at 3,000 rpm for 2 minutes. The eluate was precip- 
itated with ethanol and the product electrophoresed on 
an agarose gel. The resulting preparation of RNA was 
of good quality as evidenced by the ribosomal RNA 

45 bands on the gel, and the preparation contained no 
detectable protein. 

Example 10. 

so [0051 ] This example demonstrates the use of coated 
substrates to purify plasmid DNA from rapid lysates. 
[0052] A culture of £ coli carrying the ampicillin resist- 
ance plasmid pUCl9 was grown to saturation overnight 
at 37°C in Luria Broth with vigorous agitation. 1.5 ml of 

55 bacterial suspension was pelleted by centrifugation at 
13,000 x g in a microcentrifuge for 20 seconds. The 
clear supernatant was aspirated and the pellet resus- 
pended by vigorous mixing in 60 pi of 10 mM Tris-HCI, 1 
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mM EDTA, pH 8.0, containing 1 ^g of RNase A. The cell 
suspension was lysed by the addition of 60 \i\ of 0.3 N 
NaOH containing 1% sodium dodecyl sulfate. 60 ul of a 
solution containing 1.9 M KCI, 0.1 M Tris and 0.36 M 
HCI was added to the lysed cell suspension and vor- 
texed vigorously. The resulting suspension was trans- 
ferred to a cartridge similar to that described in example 
1, except that the cartridge also contained a cylindrical 
bundle of PHS-coated, axially oriented, polyester fibers 
cut to a length of 1.3 cm. After the sample wicked into 
the fiber bundle, it was chased with 100 pi of 1 M KCI 
containing carriers for DNA precipitation. The cartridge 
was placed in a 2 ml microcentrifuge receiver tube con- 
taining 0.5 ml ethanol and centrifuged at full speed 
(13,000 x g) for 2 minutes. The resulting pellet in the 2 
ml microcentrifuge tube was washed with 70% ethanol, 
dissolved in TE, and electrophoresed on a 1% agarose 
gel. The results showed better recovery of plasmid DNA 
compared to standard (Birnboim and Doly, Nucl. Acids 
Res. Z, 1513-23, 1979) alkaline lysis minipreps, without 
detectable quantities of protein. 

EXAMPLE 11 

[0053] This example provides an alternative proce- 
dure for preparing plasmid DNA. 
{0054] A culture of E coli carrying the ampicillin resist- 
ance plasmid pUCl 9 was grown to saturation overnight 
at 37°C in Luria Broth with vigorous agitation. 1.5 ml of 
bacterial suspension was pelleted by centrifugation at 
13,000 x g in a microcentrifuge for 20 seconds. The 
clear supernatant was aspirated and the pellet resus- 
pended by vigorous mixing in 60 pi H 2 0. The cell sus- 
pension was lysed by the addition of 60 ul of 0.3 N 
NaOH containing 1% sodium dodecyl sulfate. 60 pi of a 
solution containing 1.5 M KCI, 0.1 M MOPS, 0.05 M 
MgCI 2 , and 0.28 M HCI was added to the lysed cell sus- 
pension and vortexed vigorously. The resulting suspen- 
sion was transferred to a cartridge similar to that 
described in Example 1, except that the cartridge also 
contained a cylindrical bundle of PHS-coated, axially 
oriented, polyester fibers cut to a length oft .3 cm. After 
the sample wicked into the fiber bundle, it was chased 
with 120 m> of 1 M KCI. The cartridge was placed in a 2 
ml microcentrifuge receiver tube containing 0.5 ml etha- 
nol and centrifuged at full speed (13,000 x g) for 2 min- 
utes. The resulting pellet in the 2 ml microcentrifuge 
tube was washed with 70% ethanol and dissolved in TE. 

Claims 

1 . A method for purifying nucleic acids from proteins, 
comprising the steps of: 

contacting a liquid phase composition compris- 
ing protein and nucleic acid with a substrate 
formed by the process of: 



applying an adhesive formulation to a sub- 
strate, said adhesive formulation compris- 
ing a non-proteinaceous polymer of 
monomeric units comprising an aromatic 
5 moiety substituted with at least one 

hydroxyl group with a pK less than 9; 

said contacting occurring at a pH of 2 to 1 1 and 
a cation concentration of greater than 0.1 mM, 
io so that protein binds to said substrates but 

nucleic acids do not bind to said substrate; 
separating the liquid phase from the substrate. 

2. A method for purifying nucleic acids from proteins 
15 comprising the steps of: 

contacting a liquid phase composition compris- 
ing protein and nucleic acids with a substrate 
formed by the process of: 

20 

applying an adhesive formulation to a sub- 
strate, said adhesive formulation compris- 
ing a non-proteinaceous polymer of 
monomeric units comprising an aromatic 
25 moiety substituted with at least one 

hydroxyl group with a pK less than 9; 

said contacting occurring at a pH of 2 to 1 1 and 
a cation concentration of greater than 0.1 mM, 
30 so that protein and nucleic acids bind to said 

substrate; 

selectively eluting the nucleic acids from the 
substrate with a buffer having a pH of 4 to 1 1 . 

35 3. A method of purifying double stranded nucleic acids 
from both proteins and single-stranded nucleic 
acids, comprising the steps of: 

contacting a liquid phase comprising protein 
and double and single stranded nucleic acids 
with a substrate formed by the process of: 

applying an adhesive formulation to a sub- 
strate, said adhesive formulation compris- 
es ing a non-proteinaceous polymer of 
monomeric units comprising an aromatic 
moiety substituted with at least one 
hydroxyl group with a pK less than 9; 

so said contacting occurring at a pH of 7 to 1 0 with 

one or both of a monovalent cation at > 1 mM 
and a multivalent cation at >0.1 mM being 
present, so that protein and single stranded 
nucleic acids bind to said substrate but double 

55 stranded nucleic acids do not bind to said sub- 

strate; 

separating the liquid phase from the substrate. 
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4. A method for separating single stranded from dou- 
ble stranded nucleic acids comprising the steps of: 

contacting a liquid phase comprising double 
and single stranded nucleic acids with a sub- 5 
strate formed by the process of: 

applying an adhesive formulation to a sub- 
strate, said adhesive formulation compris- 
ing a non-proteinaceous polymer of 10 
monomeric units comprising an aromatic 
moiety substituted with at least one 
hydroxyl group with a pK less than 9; 

said contacting occurring at a pH of 7.0 to 10 is 
with one or both of a monovalent cation at >1 
mM and a multivalent cation at >0.1 mM being 
present, so that single stranded but not double 
stranded nucleic acids bind to said substrate; 
separating the liquid phase from the substrate. 20 

5. A method according to claim 1 wherein said liquid 
phase hasapH of 4 to 10. 

6. A method according to claim 1 wherein said con- 2s 
tacting occurs at a pH of 7.5 to 1 1 and a cation con- 
centration of 0.01 to 1 M. 

7. A method according to claim 2 wherein said liquid 
phase has a pH of 6 to 10. 30 

8. A method according to claim 2 wherein the liquid 
phase comprises multivalent cations and said 
buffer for eluting contains sufficient chelating agent 

to bind all of said multivalent cations. 35 

9. A method according to claim 2 wherein said step of 
contacting occurs at a pH of 2 to 7 and a cation con- 
centration of 10 mM to 1 M. 

40 

10. A method according to claim 2 wherein the eluted 
nucleic acids are double stranded and said step of 
selectively eluting occurs at a pH of 6 to 10, and at 
less than 0.1 M monovalent cation, and at less than 
0.01 M multivalent cation. 45 

11. A method according to claim 2 wherein the eluted 
nucleic acids are single stranded and said step of 
selectively eluting occurs at a pH of 8 to 10 and at 
less than 0.5 M cation. 50 

12. A method according to claim 3 wherein said liquid 
phase is selected from 10 mM MgCI 2 , pH 7.5; and 
15 mM MgCI 2l pH 8.3. 

55 

13. A method according to claim 3 wherein said con- 
tacting occurs at a pH less than 8.5 and at greater 
than 0.5 M cation. 



14. A method according to claim 4 wherein said step of 
contacting occurs at a pH of 8 to 1 0 and at less than 
0.1 M monovalent cation, and at less than 0.01 M 
multivalent cation. 

15. A method for performing an enzymatic reaction to 
modify nucleic acids, comprising the steps of: 

contacting an enzyme which modifies nucleic 
acids with a solid substrate made by the proc- 
ess of: 

applying an adhesive formulation to a solid 
substrate, said adhesive formulation com- 
prising a non-proteinaceous polymer of 
monomeric units comprising an aromatic 
moiety substituted with a least one 
hydroxyl group with a pK less than 9; 

said contacting occurring at a pH of 2 to 1 1 and 
a cation concentration of greater than 0.1 mM, 
so that said enzyme binds to said solid sub- 
strate; 

contacting said solid substrate-bound enzyme 
with nucleic acids under conditions appropriate 
for said enzyme to be catalytically active, said 
conditions falling within the range of pH to 4 to 
1 1 and greater than 0.1 mM cation; 
separating the nucleic acids from the solid sub- 
strate to yield enzymatically modified nucleic 
acids. 

16. A method according to claim 15 wherein the first 
step of contacting occurs between pH 4 and 10. 

17. A device for purifying nucleic acids, which com- 
prises: 

a substrate coated with an adhesive formula- 
tion comprising a nonproteinaceous polymer of 
monomeric units comprising an aromatic moi- 
ety substituted with at least one hydroxyl group 
with a pK less than 9. 

18. A device according to claim 17 wherein the aro- 
matic moiety is a phenyl group. 

1 9. A device according to claim 1 7 or claim 1 8 wherein 
the hydroxyl group is a para-hydroxyl relative to said 
aromatic moiety's attachment site to said polymer's 
backbone. 

20. A device according to any of claims 17 to 19 
wherein the substrate is a membrane. 

21. A device according to any of claims 17 to 19 
wherein the substrate comprises a plastic. 
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22. A device according to claim 21 wherein the plastic 
is selected from substituted polyalkene, polyamide. 
polyester, polyether, polysulfone. phenolic resin, 
epoxy resin, and substituted cellulose. 

23. A device according to claim 21 or claim 22 wherein 
the plastic is in the form of beads. 

Patentanspruche 

1. Verfahren zur Reinigung von Nukleinsauren von 
Proteinen mit den Schrrtten: 

Kontaktierung einer Flusstgphasenzusammen- 
setzung enthaltend Protein und NukJeinsflure 
mit einem Substrat, das gebildet wurde durch 
das Verfahren der Anwendung einer adhasiven 
Formulierung auf ein Substrat, wobei die adhe- 
sive Formulierung ein nicht-proteinartiges 
Polymer aus monomeren Einheiten enthait, die 
einen aromatischen Kern aufweisen, der mit 
wenigstens einer Hydroxylgruppe mit einem 
pK-Wert von weniger als 9 substituiert ist; 

- Vornahme der Kontaktierung bei einem pH- 
Wert von 2 bis 1 1 und einer Kationenkonzen- 
tration von grOGer als 0.1 mM, so daB Protein 
an das Substrat bindet aber Nukleinsauren 
nicht an das Substrat binden; 

Separierung der Flussigphase von dem Sub- 
strat. 

2. Verfahren zur Reinigung von Nukleinsauren von 
Proteinen mit den Schrrtten: 

Kontaktierung einer Flussigphasenzusammen- 
setzung enthaltend Protein und Nukleinsauren 
mit einem Substrat, das gebildet wurde durch 
das verfahren der Anwendung einer adhasiven 
Formulierung auf ein Substrat, wobei die adhe- 
sive Formulierung ein nicht-proteinartiges 
Polymer aus monomeren Einheiten enthait, die 
einen aromatischen Kern aufweisen, der mit 
wenigstens einer Hydroxylgruppe mit einem 
pK-Wert von weniger als 9 substituiert ist; 

Vornahme der Kontaktierung bei einem pH- 
Wert von 2 bis 1 1 und einer Kationenkonzen- 
tration von grOBer als 0.1 mM, so daB Protein 
und Nuklearsauren an das Substrat binden; 

Selektive Eluierung der Nukleinsauren von 
dem Substrat mit einem Puffer mit einem pH- 
Wert von 4 bis 11. 

3. Verfahren zur Reinigung doppelstrSngiger Nuklein- 
sauren von sowohl Proteinen als auch einstrangi- 



gen Nukleinsauren mit den Schritten: 

- Kontaktierung einer Flussigphase enthaltend 
Protein und doppel- und einstrangigen Nuklein- 

5 sauren mit einem Substrat gebildet durch das 

verfahren der Anwendung einer adhasiven For- 
mulierung auf ein Substrat, wobei die adhasive 
Formulierung ein nicht-proteinhaltiges Polymer 
aus monomeren Einheiten aufweist, die einen 

'0 aromatischen Kern aufweisen, der mit wenig- 

stens einer Hydroxylgruppe mit einem pK-Wert 
von weniger als 9 substituiert ist; 

Vornahme der Kontaktierung bei einem pH- 
15 Wert von 7 bis 10, wobei eines Oder beide von 

einem monovalenten Kation mit > 1 mM und ein 
multivalentes Kation mit >0.1 mM anwesend 
sind, so daB das Protein und einstrangige 
Nukleinsauren an dem Substrat binden aber 
20 doppelstrangige Nukleinsauren nicht an das 

Substrat binden; 

Separierung der Flussigphase von dem Sub- 
strat. 

25 

4. Verfahren zur Separierung einstrangiger von dop- 
pelstrangigen Nukleinsauren mit den Schritten: 

Kontaktierung einer Flussigphase mit doppel- 
3o und einstrangigen Nukleinsauren mit einem 

Substrat gebildet durch das verfahren der 
Anwendung einer adhasiven Formulierung auf 
ein Substrat, wobei die adhasive Formulierung 
ein nicht-proteinhaltiges Polymer aus monome- 
rs ren Einheiten aufweist, die einen aromatischen 
Kern aufweisen, der mit wenigstens einer 
Hydroxylgruppe mit einem pK-Wert von weni- 
ger als 9 substituiert ist; 

40 - Vornahme der Kontaktierung bei einem pH- 
Wert von 7 bis 10, wobei eines Oder beide von 
einem monovalenten Kation mit > imM und ein 
multivalentes Kation mit >0.1 mM anwesend 
sind, so daB einstrangige aber nicht doppelst- 

45 rangige Nukleinsauren zu dem Substrat binden 

aber nicht doppelstrangige Nukleinsauren an 
das Substrat binden; 

Separierung der Flussigphase von dem Sub- 
so strat. 

5. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Flussigphase einen pH-Wert von 
4 bis 10 aufweist. 

55 

6. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Kontraktierung bei einem pH- 
Wert von 7.5 bis 1 1 und einer Kation enkonzentra- 
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tion von 0.01 bis 1 M erfolgt. 

7. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daB die Flussigphase einen pH-Wert von 

6 bis 10aufweist. 5 

8. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daB die Flussigphase multivalente Katio- 
nen enthait und da 3 der Puffer zur Eluierung 
ausreichend Chelatisierungsmittel zum Binden 10 
samtlicher der multivalertten Kationen enthait 

9. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daB der Schritt der Kontaktierung bei 
einem pH-Wert von 2 bis 7 und einer Kationenkon- is 
zentration von 10 mM bis 1M erfolgt. 

10. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daB die eluierten Nukleinsauren doppel- 
strdngig sind und daB der Schritt der selektiven 20 
Eluierung bei einem pH-Wert von 6 bis 10 und bei 
weniger aJs 0.1 M monovalenten Kationen und bei 
weniger als 0.01 M multivalenten Kationen erfolgt. 

11. Verfahren nach Anspruch 2, dadurch gekenn- 25 
zeichnet, daB die eluierten Nukleinsauren einst- 
rSngig sind und daB der Schritt der selektiven 
Eluierung bei einem pH-Wert von 8 bis 10 und bei 
weniger als 0.5 M Kationen erfolgt. 

30 

12. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, daB die Flussigphase ausgewahlt ist aus 
10 mM MgCI 2 , pH 7.5; und 15 mM MgCI 2 , pH 8.3. 

13. Verfahren nach Anspruch 3, dadurch gekenn- 35 
zeichnet, daB die Kontaktierung bei einem pH- 
Wert von weniger als 8.5 und bei mehr als 0.5 M 
Kationen erfolgt. 

14. Verfahren nach Anspruch 4, dadurch gekenn- 40 
zeichnet, daB der Schritt der Kontaktierung bei 
einem pH-Wert von 8 bis 10 und bei weniger als 0. 1 

M monovalenten Kationen und weniger als 0.01 
multivalenten Kationen erfolgt. 

45 

15. Verfahren zur Durchfuhrung einer enzymatischen 
Reaktion zur Modifizierung von Nukleinsauren mrt 
den Schritten: 

Kontaktierung eines Nukleinsauren modifizie- so 
renden Enzyms mit einem festen Substrat, wel- 
ches hergestellt wurde durch das Verfahren der 
Anwendung einer adhasiven Formulierung auf 
ein testes Substrat, wobei die adhasive Formu- 
lierung ein nicht-proteinartiges Polymer aus 55 
monomeren Einheiten enthait, die einen aro- 
matischen Kern aufweisen, der mit wenigstens 
einer Hydroxylgruppe mit einem pK-Wert von 
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weniger als 9 substituiert ist; 

- Durchfuhrung der Kontaktierung bei einem pH- 
Wert von 2 bis 1 1 und einer Kationenkonzen- 
tration von gr6Ber als 0.1 mM, so daB das 
Enzym an dem festen Substrat bindet; 

Kontaktierung des festen Substrats mit gebun- 
denem Enzym mit Nukleinsauren unter Bedin- 
gungen, die fur das Enzym geeignet sind 
katalytisch wirksam zu sein, wobei die Bedin- 
gungen in den Bereich des pH-Wertes von 4 
bis 1 1 und grdBer als 0.1 mM Kationen failt; 

Separierung der Nukleinsauren von dem 
festen Substrat, urn enzymatisch modifizierte 
Nukleinsauren zu ergeben. 

16. Verfahren nach Anspruch 15, dadurch gekenn- 
zeichnet, daB der erste Schritt der Kontraktierung 
zwischen pH-Wert von 4 und 10 erfolgt. 

17. Vorrichtung zur Reinigung von Nukleinsauren, wel- 
ches enthatt: 

ein Substrat, welches mit einer adhasiven For- 
mulierung enthaltend ein nicht-proteinartiges 
Polymer aus monomeren Einheiten aufweist, 
die einen aromatischen Kern aufweisen, der 
mit wenigstens einer Hydroxylgruppe mit 
einem pK-Wert von weniger als 9 substituiert 
ist. 

18. Vorrichtung nach Anspruch 17, dadurch gekenn- 
zeichnet, daB der aromatische Kern eine Phenyl- 
gruppe ist. 

19. Vorrichtung nach Anspruch 17 oder 18, dadurch 
gekennzeichnet, daB die Hydroxylgruppe eine 
para-Hydroxyl-Gruppe bezuglich der Bindungs- 
stelle des aromatischen Kernes an dem polymeren 
Grundgerust ist. 

20. Vorrichtung nach einem der Anspruche 17 bis 19, 
dadurch gekennzeichnet, daB das Substrat eine 
Membran ist. 

21. Vorrichtung nach einem der Anspruche 17 bis 19, 
dadurch gekennzeichnet, daB das Substrat einen 
Kunststoff aufweist. 

22. Vorrichtung nach Anspruch 21, dadurch gekenn- 
zeichnet, daB der Kunststoff ausgewahlt ist aus der 
Gruppe substituierte Polyalkane, Polyamide, Poly- 
ester, Polyather, Polysulfone, Phenolharze, Epoxy- 
harze und substituierte Cellulose. 

23. Vorrichtung nach Anspruch 21 oder 22, dadurch 
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gekennzeichnet, daB der Kunststoff in der Form 
von Kugelchen vorliegt. 

Revendications 

5 

1 . Procede de purification d'acides nucleiques a partir 
de proteines, 

comprenant les etapes consistant k : 

amener une composition en phase liquide w 
comprenant une proteine et des acides nuclei- 
ques, en contact avec un substrat forme par le 
precede consistant k : 

• appliquer une formulation adhesive k un is 
substrat, cette formulation adhesive com- 
portant un polymere non proteinique d'ele- 
ments monomeres comprenant une part 
aromatique remplacee par au moins un 
groupe hydroxyle ce pK inferieur k 9 ; 20 4. 

• cette mise en contact se faisant k un pH de 
2 & 1 1 et k une concentration en cation 
superieure k 0,1 mM, de facon que la pro- 
teine se fixe au substrat mais que les aci- 
des nucleiques ne se f ixent pas au substrat 25 
;et 

separer la phase liquide du substrat. 

2. Procede de purification d'acides nucleiques k partir 

de proteines, 30 
comprenant les etapes consistant k : 

amener une composition en phase liquide 
comprenant une proteine et des acides nuclei- 
ques, en contact avec un substrat forme par le 35 
procede consistant k : 

• appliquer une formulation adhesive k un subs- 
trat, cette formulation adhesive comportant un 
polymere non proteinique d'elements mono- 
meres comprenant une part aromatique rem- 40 
plac6e par au moins un groupe hydroxyle de 

pK inferieur k 9 ; 

• cette mise en contact se faisant k un pH de 2 k 

1 1 et k une concentration en cation superieure 5. 
k 0,1 mM, de facon que la proteine et les aci- 45 
des nucleiques se fixent au substrat ; et 
separer selectivement par elutton les acides 
nucleiques du substrat au moyen d'un agent 6. 
intermediate presentant un pH de 4 a 1 1. 

50 

3. Procede de purification d'acides nucleiques k dou- 
ble brin k partir a la fois de proteines et d'acides 
nucleiques k une seule brin, 7. 
comprenant les etapes consistant a : 

55 

• amener une composition en phase liquide 
comprenant une proteine et des acides nuclei- 8. 
ques a double brin et k simple brin, en contact 



avec un substrat forme par le procede consis- 
tant £ : 

appliquer une formulation adhesive k un subs- 
trat, cette formulation adhesive comportant un 
polymere non proteinique d'elements mono- 
meres comprenant une part aromatique rem- 
placee par au moins un groupe hydroxyle de 
pK inferieur a 9 ; 

cette mise en contact se faisant k un pH de 7 a 
10 en presence de Tun ou des deux elements 
construes d'un cation monovalent k une con- 
centration > 1 mM, et d'un cation multivalent k 
une concentration > 0,1 mM, de facon que la 
proteine et les acides nucleiques k simple brin 
se firent au substrat. mais que les acides 
nucleiques a double brin ne se fixent pas au 
substrat ; et 

• separer la phase liquide du substrat. 

Procede de separation d'acides nucleiques k sim- 
ple brin par rapport a des acides nucleiques k dou- 
ble brin, comprenant les Stapes consistant a : 

amener une composition en phase liquide 
comprenant des acides nucleiques a double 
brin et k simple brin, en contact avec un subs- 
trat forme par le proced§ consistant k : 
appliquer une formulation adhesive k un subs- 
trat, cette formulation adhesive comportant un 
polymere non proteinique d'elements mono- 
meres comprenant une part aromatique rem- 
placee par au moins un groupe hydroxyle de 
pK inferieur k 9 ; 

• cette mise en contact se faisant k un pH de 7,0 
k 10 en presence de Pun ou des deux elements 
constitues d'un cation monovalent a une con- 
centration >1 mM. et d'un cation multivalent k 
une concentration >0,1 mM, de facon que les 
acides nucleiques k simple brin se fixent au 
substrat mais que les acides nucleiques a dou- 
ble brin ne se fixent pas au substrat ; et 

• separer la phase liquide du substrat. 

Procecie selon la revendication 1 , 
dans lequel 

la phase liquide a un pH de 4 k 10. 

Procede selon la revendication 1 , 
dans lequel 

la mise en contact se fait a un pH de 7,5 a 1 1 et a 
une concentration en cation de 0,01 k 1 M. 

Procede selon la revendication 2, 
dans lequel 

la phase liquide a un pH de 6 k 10. 

Procede selon la revendication 2, 
dans lequel 
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la phase liquide comprend des cations multivalents 
et I'agent intermediate dilution contient suffisam- 
ment d'agent chelatant pour fixer tous les cations 
multivalents. 

9. Procede selon la revendication 2, 
dans lequel 

I'etape de mise en contact se fait k un pH de 2 a 7 
et a une concentration en cation de 10 mM a 1 M. 

10. Procede selon la revendication 2, 
dans lequel 

les acides nucleiques separes par elution sont k 
double brin et I'etape dilution selective se fait k un 
pH de 6 k 10 ainsi qu'& moins de 0,1 M de cation 
monovalent et a moins de 0,01 M de cation multiva- 
lent. 

11. Procede selon la revendication 2, 
dans lequel 

les acides nucleiques separes par elution sont a 
simple brin et I'etape dilution selective se fait k un 
pH de 8 k 10 ainsi qu'k moins de 0,5 M de cation. 

12. Procede selon la revendication 3, 
dans lequel 

la phase liquide est choisie par mi 10 mM de MgCi 2 , 
pH 7,5 ; et 15 mM de MgCI 2 , pH 8,3. 

13. Procede selon la revendication 3, 
dans lequel 

la mise en contact se fait k un pH inferieur d, 8,5 et 
k plus de 0,5 M de cation. 

14. Procede selon la revendication 4, 
dans lequel 

I'etape de mise en contact se fait k un pH de 8 k 10 
ainsi qu*a moins de 0,1 M de cation monovalent et 
k moins de 0,01 M de cation multivalent. 

1 5. Procede pour effectuer une reaction enzymatique 
pour modifier des acides nucleiques, 
comprenant les Stapes consistant a : 

amener une enzyme qui modifie les acides 
nucleiques, en contact avec un substrat solide 
realise par le procede consistant k : 

appliquer une formulation adhesive a un 
substrat solide, cette formulation adhesive 
comprenant un polymere non proteinique 
d'elements monomeres comprenant une 
part aromatique remplacee par au moins 
un groupe hydroxyle de pH inferieur a 9 ; 
cette mise en contact se faisant k un pH de 
2 k 11 ainsi qu'£ une concentration en 
cation superieure a 0,1 mM, de fagon que 
I'enzyme se fixe au substrat solide ; 



amener I'enzyme fixee au substrat solide, 
en contact avec les acides nucleiques 
dans des conditions appropriees pour que 
I'enzyme soit catalytiquement active, ces 
5 conditions se situant dans la plage de pH 

de4a11 eta plus de 0,1 mM de cation ; et 
separer les acides nucleiques du substrat 
solide pour obtenir des acides nucleiques 
enzymatiquement modifies. 

10 

16. Procede selon la revendication 15, 
dans lequel 

la premiere etape de mise en contact se fait a un 
pH compris entre 4 et 10. 

15 

17. Dispositif pour purifier des acides nucleiques, com- 
prenant : 

un substrat revetu d'une formulation adhesive 
20 comportant un polymere non proteinique d'ele- 

ments monomeres comprenant une part aro- 
matique remplacee par au moins un groupe 
hydroxyle de pH inferieur k 9. 

25 18. Dispositif selon la revendication 17, 
dans lequel 

la part aromatique est un groupe ph§nyle. 

19. Dispositif selon la revendication 1 7 ou la revendica- 
30 tion 18, 

dans lequel 

le groupe hydroxyle est un para-hydroxyte relatif au 
site de fixation de la part aromatique a 1'epine dor T 
sale du polymere. 

35 

20. Dispositif selon Tune quelconque des revendica- 
tions 17S 19, 

dans lequel 

le substrat est une membrane. 

40 

21. Dispositif selon Tune quelconque des revendica- 
tions 17 k 19, 

dans lequel 

le substrat est constitue d'une matiere plastique. 

45 

22. Dispositif selon la revendication 21 , 
dans lequel 

la matiere plastique est choisie parmi le polyalkene 
substitue, le polyamide, le polyester, le polyether, le 
so polysulfone, la resine phenolique, la resine 
epoxyde, et la cellulose substitute. 

23. Dispositif selon la revendication 21 ou la revendica- 
tion 22, 

55 dans lequel 

la matiere plastique se presente sous la forme de 
perles. 
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